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0 Liquid crystal display paneU 

0 A liquid crystal display panel for displaying col- 
ored images while controlling a transmission of light 
therethrough, comprises a first transparent base, a 
first transparent electrode arranged on the first base, 
a second transparent base, a second transparent 
electrode arranged on the second base and facing 
the first electrode and a liquid crystal layer inter- 
posed between the picture element electrode and 
the scanning electrode and formed by a polymer 
dispersed liqpid crystal material comprising (a) a 
polymeric medium, (b) a liquid crystal material sur- 
rounded by surface means or a matrix consisting of 
the polymeric medium, and (c) a coloring material 
contained in the polymeric medium and/or the liquid 
crystal material, the polymeric medium optionally 
further comprising a visible ray-absorbing black ma- 
terial and the liquid crystal material optionally com- 
prising a pleochroic dye. 



Fig. I 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a liquid crystal 
display panel. More particularly, the present inven- 
tion relates to a liquid crystal display panel for 
colored images, in which a polymer dispersed liq- 
uid crystal material is used and which is able to 
control a light transmission therethrough. 

2. Description of the Related Arts 

Recently, a new liquid crystal material, i.e.. a 
polymer dispersed liquid crystal material, has been 
developed, and this new liquid crystal material is 
widely utilized for a film-shaped light shutter having 
a large area or for a large area display material. 

The polymer dispersed liquid crystal material is 
disclosed in PCT International Publication No. 
83/01016. U.S. Patent No. 4.435.047 and 
"Electronic Parts and Materials" No. 12. 1987. 
pages 67 to 70. In the polymer dispersed type 
liquid crystal material, a liquid crystal material hav- 
ing a positive dielectric anisotropy is surrounded 
by a transparent surface means or matrix for affect- 
ing the natural structure of the liquid crystal ma- 
terial, to induce a distorted alignment thereof in the 
absence of an electric field and thus reduce the 
optical transmission. The liquid crystal material is 
responsive to the presence of an electric field, to 
increase the amount of optical transmission. 

When the polymer dispersed liquid crystal ma- 
terial is prepared by using a liquid crystal material 
having a positive dielectric anisotropy and an or- 
dinary refractive index substantially equal to the 
refractive index of the polymer, and a layer of the 
polymer dispersed liquid crystal material is inter- 
posed between a pair of electrode bases, the resul- 
tant liquid crystal display device can scatter the 
light in the absence of an electric field and can 
allow the light to transmit therethrough in the pres- 
ence of an electric field. 

The polymer dispersed liquid crystal material 
includes (1) Nematic Curvilinear Aligned Phase 
(NCAP) type liquid crystal materials in which liquid 
crystals are di'spersed in the form of fine spheres 
independently from each other in a matrix consist- 
ing of a water-soluble polymeric material, as dis- 
closed in the above-mentioned PCT intemational 
publication; (2) liquid crystal materials in which 
liquid crystals are dispersed and contained in a 
thermoplastic resin latex matrix, as disclosed in 
Japanese Unexamined Patent Publication No. 60- 
252.687; (3) liquid crystal materials in which liquid 
crystals are dispersed in the form of fine particles 
in an epoxy resin matrix, as disclosed in PCT 
Japanese Publication No. 61-502.128; and (4) liquid 



crystal materials in which liquid crystals are 
present in the form of at least one continuous 
networi< extending in a polymeric matrix, and which 
is prepared by a solvent cast method, as disclosed 

5 in Polymer Preprints, Japan, Vol. 37. No. 8, 2450 
(1988). and Japanese Unexamined Patent Publica- 
tion No. 1-198.725. 

Where the conventional polymer dispersed liq- 
uid crystal material is used for a liquid crystal 

70 display panel for colored images, usually the dis- 
play panel must be equipped with a color filter. In 
this conventional colored image display panel, 
when the color filter is arranged outside of the base 
plate, and the resultant colored image display sur- 

15 face is observed in an oblique direction, an un- 
desirable shear in colored images occurs in re- 
sponse to the thickness of the base plate, and tiius 
an angle of the visual field becomes narrow. 

The above-mentioned disadvantages can be 

20 removed by arranging the color filter at a location 
inside of tiie base plate and right above or below 
an ITO electrode adjacent to the liquid crystal 
material layer, but this arrangement of the color 
filter is disadvantageous in that a large drive volt- 

25 age is required to operate the display devise or the 
formation of the ITO electrode over the color niter 
is difficult 

Japanese Unexamined Patent Publication Nos. 
62-28,711 and 62-28.712 disclose a liquid crystal 

30 display devise for colored images, having a liquid 
crystal material layer in which a number of micro- 
capsules consisting of a liquid crystal material en- 
capsulated with a colored polymeric material in the 
form of fine particles, is dispersed in a transparent 

35 polymeric binder, or in which a number of micro- 
capsules comprising a liquid crystal material en- 
capsulated with a colored polymeric material in the 
form of fine particles in a transparent polymeric 
material is dispersed in a colored polymeric binder. 

40 In the above-mentioned display devices, tiie 
light transmitted tfirough the devices is colored in 
ttie absence of an electric field, but is not substan- 
tially colored in the presence of an electric field. 
Namely, in the above-mentioned display de- 

45 vices, it is difficult to completely or substantially 
shut out tiie light and therefore, the conventional 
color display device having red. blue and green 
colored liquid crystal material layers exhibits an 
unsatisfactory contrast and the displayed colored 

50 images exhibit an unsatisfactory color vividness. 

Japanese Unexamined Patent Publication No. 
64-91,125 discloses liquid crystal display devices 
having a liquid crystal material layer in which a 
liquid crystal material is dispersed in tiie fomi of 

55 fine particles in a visible ray-absorbing medium. In 
ttiese display devices, the display surface becomes 
dark in tiie absence of an electric field because tiie 
light is absorbed by the liquid crystal material 
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layer, and appears bright in the presence of an 
electric field because the light is transmrtted 
through the liquid crystai material layer. 

When these liquid crystal display devices are 
equipped with a color filter, it is possible to display 
colored images with a good contrast but these 
display devices have the same disadvantages as 
described above. 

SUMMARY OF THE INVENTION 

An object of the present Invention is to provide 
a liquid crystal display panel for displaying colored 
images with a good contrast, while controlling a 
visible ray-transmission therethrough. 

The above-mentioned object can be attained 
by the liquid crystal display panel of the present 
invention, which comprises: 

a first transparent base; 

a first transparent electrode arranged on the 
first base; 

a second-transparent base arranged in parallel 
to and spaced from the first base, 

a second transparent electrode arranged on 
the second base and facing and spaced from the 
first electrode; and 

a liquid crystal material layer Interposed be- 
tween the first electrode and the second electrode 
and comprising a polymer dispersed liquid crystal 
material which comprises (a) a polymeric medium 
comprising a transparent polymeric material, (b) a 
liquid crystal material surrounded by surface 
means or a matrix consisting of the polymeric 
medium, and (c) a coloring material contained in at 
least one member selected from the group consist- 
ing of the polymeric medium and the liquid crystal 
material. 

In a preferable embodiment of the liquid crystal 
display panel of the present invention, the poly- 
meric medium further comprises a visible ray-ab- 
sorbing material evenly mixed in the polymeric 
material, and the liquid crystal material contains the 
coloring material. 

In another preferable embodiment of the liquid 
crystal display panel of the present invention, the 
liquid crystal material further contains a pleochroic 
dye. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is an explanatory cross-sectional profile 
of a portion of an embodiment of the liquid 
crystal display panel of the present invention; 
Fig. 2 is an explanatory cross-sectional profile of 
a portion of an embodiment of the liquid crystal 
display panel of the present invention for dis- 
playing full colored images; and 
Rg. 3 is an explanatory cross-sectional profile of 
a portion of another embodiment of the liquid 



crystal display panel of the present invention for 

displaying full colored images. 
DESCRIPTION OF TEE PREFERRED EMBODI- 
MENTS 

5 

Rgure 1 shows an explanatory cross-sectional 
profile of a portion of an embodiment of the liquid 
crystal display panel of the present invention hav- 
ing a liquid crystal material layer composed of a 

10 polymer dispersed liquid crystal material. 

In Rg. 1, a first transparent base plate 1 and a 
second transparent base plate 2 are aaanged in 
parallel to and spaced from each other, a first 
transparent electrode 3 is arranged on the first 

75 base plate 1. and a second transparent electrode 4 
is arranged on the second base plate 2 and faces 
and is spaced from the first electrode 3. 

A polymer dispersed liquid crystal material lay- 
er 5 is interposed between the first electrode 3 and 

20 the second electrode 4. In this liquid crystal ma- 
terial layer 5, a liquid crystal material is dispersed 
in the form of fine particles 6 in a polymeric me- 
dium 7 comprising a transparent polymeric ma- 
terial. 

25 In the present invention, a coloring material is 
contained in at least one member selected from 
the liquid crystal material 6 and the polymeric 
medium 7. 

The polymer dispersed liquid crystal nr^aterial 
30 usable for the present invention is preferably se- 
lected from (1) the above-mentioned NCAP type 
liquid crystal materials. (2) the thermoplastic resin 
latex-containing liquid crystal materials. (3) the ep- 
oxy resin-containing liquid crystal materials and (4) 
35 the continuous networi< type liquid crystal materi- 
als. 

The polymeric medium in the polymer dis- 
persed liquid crystal material layer comprises a 
transparent polymeric material comprising at least 

40 one member selected from for example, polyvinyl 
alcohol, polymethylmethacrylate, ultraviolet ray- 
cured acrylic polymers, polyvinylchloride, and poly- 
vinylidene chloride. 

The liquid crystals usable for the present in- 

45 vention are not restricted to a specific type of liquid 
crystals and preferably selected from nematic liq- 
uid crystals, cholesteric liquid crystals and smectic 
liquid crystals. Preferably, the liquid crystal ma- 
terial is present in an amount of 1 to 10 times. 

50 more preferably 2 to 5 times the weight of the 
polymeric medium. 

In the polymer dispersed liquid crystal material 
layer, the polymeric medium and/or the liquid cry- 
stal material contains a coloring material. The 

55 coloring material is not limited to a specific type or 
color of dyes or pigments, unless it is a pleochroic 
dye. For example, the coloring material comprises 
at least one member selected from solvent-soluble 
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red dyes, for example. Solvent Red 1 and Solvent 
Red 3; solvent-soluble green dyes, for example. 
Solvent Green 3; solvent-soluble blue dyes, for 
example. Solvent Blue 3. and Solvent Blue 11; red 
pigments, for example, CROMOPHTAL RED A2B 5 
(trademark, made by Ciba Geigy CO.); green pig- 
ments, for example. Heriogen Green G (trademark, 
made by BASF); and blue pigments, for example, 
Heriogen Blue B (trademark, made by BASF). 

The coloring material is present preferably in io 
an amount of 0.1 to 10%. more preferably l to 8%. 
based on the^eight of the liquid crystal material. 

In a preferable embodiment of the liquid crystal 
display panel of the present invention, the poly- 
meric medium in the polymer dispersed liquid cry- is 
stal material layer further comprises a visible ray- 
absorbing material, in addition to the transparent 
polymeric material, and the liquid crystal material 
contains the coloring material. 

The visible ray-absorbing material comprises at 20 
least one member selected from black dyes and 
pigments. The black dyes and pigments are not 
limited to a specific type of dyes and pigments. 
For example, the visible ray-absorbing material 
comprises at least one member selected from 25 
solvent-soluble black dyes, for example. Solvent 
Black 3: disperse black dyes, for example. Dis- 
perse Black 28; black pigments, for example, car- 
bon black and titanium black. The black dyes or 
pigments may be mixtures of red. blue and yellow 30 
dyes or pigments. 

Preferably, the visible ray-absorbing material is 
present in an amount of 1 to 20%. more preferably 
2 to 10%, based on the weight of the polymeric 
material. 35 

In the above-mentioned embodiment, when a 
voltage is applied to the polymer dispersed liquid 
crystal material layer to create an electric field, a 
colored light is transmitted through the liquid cry- 
stal material layer, and in the absence of the elec- 4o 
trie field the display surface becomes dark. 

The liquid crystal display panel as indicated in 
Rg. 2 comprises a first transparent base plate 1 1 . a 
second transparent base plate 12 facing and 
spaced from the first base plate 11, a plurality of 45 
transparent picture element electrodes 13a, 13b 
and 13c an-anged on the first base plate 11. a 
plurality of signal lines 14 for supplying electric 
signals to the picture element electrodes, arranged 
adjacent to and spaced from the picture element so 
electrodes on the first base plate 11, a plurality of 
varistor layers 15 comprising fine varistor particles 
and a binder and electrically connecting the picture 
element electrodes 13 to the signal lines 14, a 
transparent scanning electrode 16 arranged on the 55 
second base plate 12 and facing and spaced from 
the picture element electrodes 13, and a plurality of 
polymer dispersed liquid crystal material layers 



17a. 17b and 17c, interposed between the picture 
element electrodes 13 and the scanning electrode 
16. 

The liquid crystal material layer 17a comprises 
a liquid crystal material containing a red coloring 
material and dispersed in the form of a number of 
fine particles 18a in a polymeric medium I9a com- 
prising a transparent polymeric material and a visi- 
ble ray-absorbing materia! mixed into the polymeric 
material. 

The liquid crystal material layer 17b is the 
same as the above-mentioned layer 17a. except 
that the liquid crystal material particles I8b contain 
a green coloring material. 

The liquid crystal layer 17c is the same as the 
above-mentioned layer 17a, except that the liquid 
crystal material particles 18c contain a blue color- 
ing material. 

Therefore, the picture element electrodes 13a, 
13b and I3c are respectively employed for display- 
ing red. green or blue colored images. 

The picture element electrodes and the signal 
lines can be formed by a conventional patterning 
method. Also, the varistor layers can be formed by 
a conventional screen printing mettiod. 

When a voltage is applied to the liquid crystal 
material layer 17a, 17b or 17c. to create an electric 
field, a red. green or blue colored light is transmit- 
ted through the corresponding liquid crystal ma- 
terial layer to form a colored image. 

When the voltage is released, most of the 
incident light is absorbed by the liquid crystal ma- 
terial layer 17a, 17b or 17c, and thus no colored 
image is formed. 

In another preferable embodiment of the liquid 
crystal display panel of the present invention, the 
liquid crystal material contains a pleochroic dye. 
Also, at least one member of the liquid crystal 
material and the polymeric medium contains a non- 
pleochroic coloring material. 

The pleochroic dye can be selected from con- 
ventional pleochroic dyes usable for conventional 
liquid crystal display devises, for example, 
PLEOCHROIC DYE S301 (black). S344 (black). 
S424 (black), 3430 (black), M370 (red) and M141 
(blue) (made by Mitsui Toatsu Senryo K.K,). Prefer- 
ably, the pleochroic dye is present in an amount of 
0.1 to 10% based on the weight of tiie liquid 
crystal material. 

In this type of liquid crystal display panel in 
which the liquid crystal material contains norv- 
plechmic red dye and pleochroic black dye. when 
no voltage Is applied to the liquid crystal material 
layer, most of the incident Gght is absorised by the 
pleochroic black dye in the liquid crystal material, 
and thus the display surface of the panel looks 
daric red. When a voltage is applied to the liquid 
crystal material layer to create an electric field. 
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most of the incident light is colored red by the non* 
plecchroic red dye and transmitted through the 
liquid crystal materiaJ layer, and thus the display 
surface of the pane) looks bright red. 

When the liquid crystal material contains a s 
green pleochroic dye. a blue pleochroic dye and a 
red non-pleochroic dye, the display surface of the 
panel looks dark or black in the absence of an 
electric field, and looks red In the presence of an 
electric field. ;o 

In the liquid crystal display panel as indicated 
in Fig. 3, the liquid crystal material particles 18a. 
1 8b and 18c contain a pleochroic black dye. and at 
least one of the polymeric mediums I9a, I9b and 
I9c and the liquid crystal materials 18a. I8b and is 
I8c contains a non-pleochroic coloring material. 
Also, in this panel of Rg. 3, black masks 20 are 
arranged on the second base plate 12 and between 
the liquid crystal material layers. 17a. 17b, 17c .... 
The black masks 20 are effective for enhancing the so 
contrast, because it can inhibit a leakage of light 
when transmitted through the gaps between the 
liquid crystal material layers 17a. I7b and 17c. 

When a voltage is applied to each liquid crystal 
material layer 17a. 17b or 17c. a colored light 25 
transmits through the liquid crystal material layer. 
Therefore, the liquid crystal display panel can dis- 
play colored images without using color filters. 

B<AMPLES 30 

The present invention will be further illustrated 
in detail by the following specific examples, which 
is no way limit the scope of the invention. 

Example 1 

Carbon black in an amount of 20 mg was 
evenly dispersed in 1 ml of water, and the resultant 
aqueous dispersion was mixed to 4 g of a 10% 4o 
aqueous solution of polyvinyl alcohol. After gradu- 
ally stirring, to the mixture was added 1.5 g of 
material UQUlO CRYSTAL E-44 (available from 
BOH Co.) in which 30 mg of Solvent Red 3 were 
dissolved. The resultant admixture was stirred at 45 
high speed tb provide a red-colored emulsion R 
and then filtered through a filter G4 to remove 
coarse particles of the cartwn black. 

A green-colored emulsion G was prepared by 
the same procedures as mentioned above, except so 
that Solvent Green 3 was employed in place of the 
red dye. 

A blue-colored emulsion 13 was prepared by 
the same procedures as mentioned above, except 
that Solvent Blue 1 1 was employed in place of the 55 
red dye. 

In the production of the liquid crystal display 
panel as indicated in Fig. 2. the emulsions R. G 



and B are coated, respectively and separately from 
each other, on the predetermined portions of the 
scanning electrode 18 on the second base plate 12 
by a screen printing method, and dried, to provide 
red, green and blue-colored liquid crystal material 
layers 17a, 17b. and 17c. each having a thickness 
of 14 ^m. 

Then, a first base plate 11 having transparent 
picture element electrode l3a, 13b. and I3c. signal 
lines 14 and varistor layers 15 was superposed on 
and bonded to the second base plate 12 having the 
scanning electrode 16 and the liquid crystal ma- 
terial layers 17a, 1 7b and I7c, in such a manner 
that the liquid crystal material layers 17a, 17b and 
17c were interposed respectively between the pic- 
ture element electrodes 13a. 13b. and 13c and the 
scanning electrode 16. 

When a voltage was applied to the liquid cry- 
stal material layers 17a, 17b and 17c. red. green 
and blue-colored images were appeared on the 
display surface of the panel. 

Example 2 

Carbon black in an amount of 0.15 g was 
dispersed in 20 g of a 15% aqueous solution of 
polyvinyl alcohol by thoroughly stirring the solution 
and the resultant dispersion was filtered through a 
filter G5 to remove large particles of the carbon 
black. 

The filtered dispersion was mixed with 12 g of 
dodecyl benzene. 3 g of n-butyl alcohol and 2 g of 
n-pentyl alcohol, and the mixture was stirred by a 
stirrer at a rotation speed of 600 r.p.m. for 10 
minutes, to provide a black-colored, visible ray- 
absorbing emulsion. 

Separately, a red-colored liquid crystal material 
R was prepared by mixing 5 g of the same liquid 
crystal material as mentioned in Example 1 with 
100 mg of Solvent Red 3. 

A green-colored liquid crystal material G was 
prepared by the same operation as mentioned 
above, except that Solvent Green 3 was employed 
in place of the red dye. 

A blue-colored liquid crystal material B was 
prepared by the same operation as mentioned 
above, except that Solvent Blue 11 was used in 
place of the red dye. 

The above-mentioned black-colored emulsion 
was coated on predetermined portions of the scan- 
ning electrode 16 of the second base plate 12 by a 
screen printing method and dried, to form dried 
black-colored polymeric layers having a thickness 
of 14 ^m. The resultant layers on the second base 
plate were thoroughly washed with hexane at room 
temperature and dried, to form visible ray-absorb- 
ing polymeric medium layers having network- 
shaped pores formed therein. 
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The visible ray absorbing poiymeric medium 
layers were coated respectively with the red, green 
and blue-colored liquid crystal materials R. G and 
B in an amount of \2 mg/cm^ and the coated 
layers were placed under a reduced pressure to 
allow the liquid crystal materials R. G and B to 
penetrate into the network-shaped pores in the 
polymeric medium layers, to form red, green and 
blue-colored polymer dispersed liquid crystal ma* 
terial layers. 

The second base plate having the scanning 
electrode and the liquid crystal material layers was 
superimposed on the first base plate having the 
picture element electrodes, signal lines and varistor 
layers in the same manner as mentioned in Exam- 
ple 1. 

The resultant liquid crystal panel could display 
clear red, green and blue-colored images upon 
application of a voltage, without using color filters. 

Example 3 

A 12% polyvinyl alcohol aqueous solution in an 
amount of 2.5 g was mixed with a red-colored 
liquid crystal material prepared by dissolving 20 
mg of PLEOCHROIC BLACK DYE S301 (available) 
from Mitsui Toatsu Senryo K.K.) and 20 mg of 
Solvent Red 3 in 1.0 g of a UQUID CRYSTAL E-44 
(available from BDH Co.) The mixture was stirred at 
a high speed to provide an emulsion. 

The emulsion was coated on a surface of a 
transparent electrode on a first ITO glass base 
plate by a doctor-blade coating method and the 
resultant emulsion layer was dried to form a liquid 
crystal material layer. 

A second ITO glass base plate having a trans- 
parent electrode arranged thereon was placed on 
the liquid crystal material layer of the first ITO 
glass base plate so that the liquid crystal material 
was interposed between the transparent electrodes 
on the first and second base plates, to provide a 
liquid crystal display panel. 

When a voltage was not applied to the panel, 
the display surface of the panel looked dark red. 
When a voltage of 70 volt was applied, the display 
surface of the jbanel looked bright red. The contrast 
ratio was 46 at a wave length of 610 nm. 

Example 4 

A liquid crystal display device as shown in Rg. 
3 was prepared as follows. 

A 10% polyvinyl alcohol aqueous solution in an 
amount of 4 g was mixed with a red-colored liquid 
crystal material prepared by dissolving 30 mg of 
PLEOCHROIC BUCK DYE S 301 (made by Mitsui 
Toatsu Senryo K.K.) and 20 mg of Solvent Red 3 in 
1.5 g of UQUID CRYSTAL E-44 (made by BDH 



Co.). The mixture was stirred at high speed to 
provide an emulsion R. 

Also, a green-colored emulsion G was pre- 
pared in the same manner as mentioned above, 
s except that Solvent Green 3 was employed in 
place of the red dye. 

Further, a blue-colored emulsion B was pre- 
pared in the same manner as mentioned above, 
except that Solvent Blue 1 1 was employed in place 

10 of the red dye. 

As indicated in Rg. 3. a transparent scanning 
electrode 16 was anranged on a second transparent 
base plate 12 and a plurality of black mask layers 
20 were formed on predetermined portions of the 

75 scanning electrode 16 by coating a coating paste 
(ink) containing a black pigment and drying. Then, 
the emulsions R, G and B were respectively ap- 
plied to predetermined portions between the black 
mask layers 20 on the scanning electrode 16 by a 

20 screen printing method, and dried, to form red, 
green and blue-colored polymer dispersed liquid 
crystal material layers 17a. 17b and I7c each hav- 
ing a thickness of 14 >im. 

The liquid crystal display panel was provided 

25 by superposing the second base ptate 12 having 
the scanning electrode 16, the black mask layers 
20 and the liquid crystal material layers 17a. 17b 
and 17c on a first base plate 11 having picture 
element electrodes 13a. 13b, and 13c, signal lines 

30 14 and varistor layers 15 in the same manner as 
described in Example 1. 

The resultant liquid crystal display panel dis- 
played clear red, green and blue-colored images 
with good contrast in the presence of an electric 

35 field. In the absence of an electric field, the display 
surface of the panel was dark. 

Example 5 

40 The same procedures as in Example 4 were 
carried out with the following exceptions. 

A red-colored emulsion R was prepared by 
evenly dispersing 80 mg of a red pigment 
(available under the trademark of CROMOPHTAL 

45 RED A2B. from Ciba Geigy Co. in 4 g of a 10% 
polyvinyl alcohol aqueous solution, mixing the re- 
sultant dispersion with 1.5 g of LIQUID CRYSTAL 
E-44 (made by BOH Co.) containing 30 mg of 
PLEOCHROIC BLACK DYE S201 (made by Mitsui 

50 Toatsu Senryo K.K.) and stirring the mixture at high 
speed. 

A green-colored emulsion G was prepared by 
the same procedures as mentioned above, except 
that the red pigment was replaced by 60 mg of a 
55 green pigment available under the trademark of 
HEUOGEN GREEN G from BASF. 

A blue-colored emulsion B was prepared by 
the same procedures as mentioned above, except 
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that the red pigment was replaced by 50 mg of a 
blue pigment available under the trademark of 
HEUOGEN BLUE B. from BASF. 

The resultant liquid crystal display panel dis- 
played clear red. green and blue-colored images s 
with a satisfactory contrast in the presence of an 
electric field. 

Claims 

70 

1. A liquid crystal display panel for colored im- 
ages, comprising: 

a first transparent base; 

a first transparent electrode arranged on 
the first base; '5 

a second transparent base arranged in 
parallel to and spaced from the first base: 

a second transparent electrode arranged 
on the second base and facing and spaced 
from the first electrode: and 20 

a liquid crystal material layer interposed 
between the first electrode and the second 
electrode and comprising a polymer dispersed 
liquid crystal material which comprises (a) a 
polymeric medium comprising a transparent 25 
polymeric material, (b) a liquid crystal material 
surrounded by surface means or a matrix con- 
sisting of the polymeric medium, and (c) a 
coloring material contained in at least one 
member selected from the group consisting of 30 
the polymeric medium and the liquid crystal 
material. 

2. The liquid crystal display panel as claimed in 
claim 1 » wherein the polymeric medium further as 
comprises a visible ray-absorbing material 
evenly mixed in the polymeric material, and 

the liquid crystal material contains the coloring 
material. 

40 

3. The liquid crystal display panel as claimed in 
claim 1. wherein the liquid crystal material 
contains a pleochroic dye. 

4. The liquid crystal display panel as claimed in 45 
claim 1 . vyherein the coloring material consists 

of a member selected from the group consist- 
ing of red. green, and blue dyes and pigments. 

5. The liquid crystal display panel as claimed in 50 
claim 1 or 2, wherein the coloring material is 
present in an amount of 0.1 to 10% based on 

the weight of the liquid crystal material. 

6. The liquid crystal display panel as claimed in 55 
claim 2. wherein the visible ray-absorbing ma- 
terial comprises at least one member selected 
from the group consisting of black dyes and 



pigments. 

7. The liquid crystal display panel as claimed in 
claim 2. wherein the visible ray-absorbing ma- 
terial is present in an amount of 1 to 20% 
based on the weight of the polymeric material. 

8. The liquid crystal display panel as claimed in 
claim 3. wherein the pleolchroic dye is present 
in an amount of 0.1 to 10% based on the 
weight of the liquid crystal material. 

9. The liquid crystal display panel as claimed in 
claim 1. wherein the liquid crystal material is 
present in an amount of 1 to 10 times the 
weight of the polymeric medium. 
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Fig. 5 




This Page Blank (uspto) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 
^^lack borders 

□ image cut off at top, bottom or sides 
i^^aded text or drawing 
□Blurred or illegible text or drawing 

□ skewed/slanted images 

□ color or black and white photographs 

□ gray scale documents 

□ lines or marks on original document 

□ reference(s) or exhibit(s) submitted are poor quality 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



